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It is the purpose of this Digest to describe which include measurement of the swelling or

Sengineering soil tests commonly used in site shrinking potential of a clay and determination
investigations and to indicate their potential of the possible corrosivity of a soil.
use and limitations. It may be regarded as a'~/sequel to CBD 29, "Engineering Site Investi- ClIa~ssification or Indicator Tests
gaqultons 2The first requirement of any soil testing pro-

gram is the adequate identification and descrip-

SSoil testing is based on the premise that tion of soils to supplement the brief visual
II• the behaviour of soil masses under imposed description supplied by the drilling crew. A

conditions can be predicted if certain soil prop- number of relatively simple tests are used for
erties can be measured. Because soil is a natu- this purpose and are outlined below. They

ral material that is much more variable than provide accurate classification and permit corn-
man-made building materials, and becaus. it parison with other soils where behaviour is
is a multi-phase system composed of solid par- better known. They are also used as a basis

ticles with their intervening void spaces filled for selecting samples for the more expensive
with either water or air or a combination of strength tests.
both, the results of soil tests must be inter- Cohesive or fine-grained soils (clays) and co-
preted in the light of past experience, climate, hesionless or coarse-grained soils (sands) re-
and the geo.ogN of the site. quire different tests to assess their probable

behaviour. For cohesionless soils the density
One of the most important requirements is and grain size distribution or grading are most

that soil tests b( conducted on samples that indicative of behaviour. On the other hand,
are truly representative of the soil at the site. plasticity gives a better appraisal of the be-
To be successful, soil sampling, testing and haviaur'of cohesive soils. Natural water con-
test interpretation must be conducted under tent is also of vital interest It is measured by
the guidance of specially trained and experi- weighing a small sample of soil in its natural
enced personnel. Proper soil testing has prosed state, drying it in an oven at 105'C, and
to be a reliable basis for the design of founda- weighing the dried sample. The loss of water
tiurn; and has permitted the design of many upon drying is expressed as a percentage of the
.,otable structures on (lifficult sites, weight of dry soil. The natural water content

is of most significance when compared with
The various tests may be divided into four the "Atterberg limits" or plasticity character-

catcg•,r!es: classification or indicator tests, istics of a soil.
1used to identify and describe soils so that they
may be compared with other soils of known Depending on the arnotiit of water present,
behaviour; strength, density and compressi- cohesive soil can exist in three states: as a
bility tests which have direct application in liquid slurry, a plastic substance .)r a solid.
determining the bearing capacity of a soil and The tests for Atterberg Limits were developed
are used to forecast the probable magnitude of as a means of dis!ingiishing them The "liquid
settlement; control tests used in constnrcting limit" is the relatively high water (-onltt'nt at
earth structures to ensure that backfill and which the soil changes from a liquid to a plas-
road bases meet the required specifications for tic state, and the "plastic limit" designates the
grading and density; and special purpose tests, relatively low water content at which soil
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cliaiiges fIi ai p lastic to at solid state' Th. Sold. hot also tot (bcllilililt iiI I elitit' idistil
procedures oir fillet millinlg the liqutiditl hut litliio oif tilt- siits lIf, ics1-i lii s Smls tilti
plastic limits aire %tcll t'stilhlisied anid ale dc- gýiIo SlIti ilistliiiltii iii is (Icti oiiii-ei h% pass,
scribied fin detail ill pubhlicaitions ot the Amter- lug ai until s'iinphc of still tll(IriLiiij slif( esI s,% 1i
itanl Society for Testinig and Materials arid of smaiiller si' sdo\% t s tilt 2DO) sivec I ITTi
the British Standards Instituitioni rain SI/i' of firie-grliiit'd c'hc sis osils 111ist

lit dett rinirird bN more elaborate meithlodls
The diffeicnci' tit water (otlnttit betweii tlit' One such I test, the hivtroiiitttr test, inv~okso'

I.liquid antI plastic limits is defincd ias the the measurement of the sptecific grav~its ofif
plasticity indlex" of thle Soil. It followýs thiat soil-water Su~spenision at fixed t Iime intiutrals.

thle great er the plasticity index, the More plas- The grain size is calculated using Stokes' Law,
tic arid compressible anid thle greater tire S ol- whi'ch forecaists the terinii a! selocit\ of if
time Change characteristics of tile Sodl Thet spherical body falling through a fluid m ediulm
plas tici t v % index his proven to bet. oilf of th \%i th thle h vdroineter ii et hod it is possible to
mnost useful of all soil indices iiit(] is esseriti.i , stillate the graim sue -if partich-s i.oilgiii!
to the (lestriptiori of a cohesive soil bloin tite 200( sit's' to) illiiil ii vtiI

As ai convenlience for (oniipariiug ai viriet\ ) 0 000l-oxmacl t)t flt lnii
soils, D~r. A. Ca sa gra nde (levi std aplaist itits
chart (Figure I ) iii w.hichi an empirical The grain si/c dii utriotio Iit i i noi oc1110
boundaryS know.n as the "A" lire separateý III- thle range of thet size off particles prtsl'iit Ili
organic clays fromt silts and organic soils Soils Soil. Its shape (,ani he used fin cilutii(tiiiii \%it~i
of the saint- geolviigitl origzin usually plot wi horim! inf ormaitioni to Indicate dci sits A I'iii-
the plasticityý chart as staighvit linies pa rallul oi -uIn soiII Il. inccinsitilnug of pu ito Ii it\lil
the A ]line 'lThe largerc the plasticity, n ides t \ Scr5 jinarow raoige fin sits,ý is liable to Ill,
grTeater \kill lie thle voliinic cianiic cliaractet- I, -- ! !Z soil]. fill lie otlo- lion1 . to old, ITo

he and 54 a Ioi bei colit? ( ljjeteid cvi -ii illc %s ith

iMANi Also bt liseil to lt 10, lieo Ski.,til (r ý;il Is,

Ind gravels roctte I,? siicfi ,tiouis lilt (cool ict,

()tlitr iodiicatuir tcsts (hitt nilas Ili. i litit i

ts \1 if soiil jsan f Iti%. (lt sI , I ifIT k~i -, Ii n it ýiiit ItIiil

Ilii itl"S, its iif Ow Sioil pItull itI s 'Islsts illn al1

- - x~11i ill o fi outulws ilwittcii si lt siii ii i

(siul inuas i tiol. s14 riiiwil lii' o4 liill tv

I i, 1, 1 ii N gi it iu' hwt "t A. Csa gratulfe
'St r, iiglli1 01 n~itif l I(SIs

istitcs liat" if plis'tic ili LS, plot ilaise' (lit'- ihviesiiiilts sodls niiiluili' tlicir strivotli wi
fle. Ori.~iiii( Nod"s silts and class toiitailiriin IlIvAt uiiupuitulu to tile blads ijpltil to, tIh ill
.1large poirtioin iif 'ruiik fh(uir- (finely g~round i1l thujs ult'po'iild i tiit t( 1o (,~iItiih Iiitii t a11id

iuii-t lis rnuinrirls' p~lot btelows it. thc ilitcliill lfit- o li lh 11 u tiit ill tit( IT

t ll the Jltii anid plastIic linmits is 1diriritti (l th vlt'i~t, Iif a "oil, (ilit, iiioiir ciilte'r iii lIi I(t ,ii
if soil lihtiMoittr. If the natural water content (.Ii bei l'iiiilli/ctl aniiilt ( lt atcit :Ic litt lict

's aliv'irof t (1Ic (lto tiliquidi limit. tile soil i `P`oit\ Hlenuct, if (ilit (ti oit f a.I ilits~ii

juyIta\ o' "wist'ustv*', iii \hichi cise it suffers a Its soiil can lhe merasured, (lth hetaring i ipii
ort'.it loss iof shltl %'ug h s un distiurbed. S i (it\s 'ian lie finferred. I nufoiliiiaeclv, a (ilureit

fst' soils aivt loioritytm or cardl hiiiose iiiC.VisIrt of density of coliesuuiiiles; siilsN I, dithi
struii tiii .iini ovr'stressiniz thtemr call leadl toi ilt tii aicomnplsl. Mlot s~ilipiiluizii I
ditalussriut failiirt' '[his seiisitivitv coiimplicate" i ole t' siiwiiltt ilistili bi.1(Iiiito( 11.ikeilt-t

s.iiipjlim!. indo tcoistii andl speci~tl jprttediirts iiif'. s11it1 Ciii uoil tl0  saliuIles if (jisi~lilt cý11c

C1.11 iui s/i tests amm iiIt' nt mu s to dolit 11v (lit' l IT is , IN. is t Ig I iiii "I It spilit 1hti i
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I i ti~vliet to din I e it one itoo iit has b ieen mtire?- sulddeni shear failure, and yet to I it% seIii ui sat -
litteil with tilt, derifsit% of thet soil. Th'lis test isfactorv foundation because of the large de-
munst hie tari'ied(liout Iin accortLaiitv xxith fixed formatio'ns that develop with time from volumne
procaed iiris sitli ais those adcopted b% the C a - cl~iiiges in t he soil. ( ooipressi Iiilit v chiaracter-
nadiian Starolards Assoiciatioii. If soils prove to istics c-an he predicted within acc-eptable Innit,;
lbe dei .. e. ft(ey I.o-Wide at (-(ipetenlt bearing bv means of thte colisolitiatirir or oodilioiitei
iiI i inic.IIII %%heleras l(oose cohleSio Iless SOIlS TIOLL test, in which an uindisturb ed saipl e is (,(Iii-
require special precautions to guard against finled in at tight fitting metal ring. '[hel( topi arid
settlement tinder certain loading conditions. biottom faces of the sample are coered mxtli

Cohesive soils, wilhich are generally less corn- porou..s stones, the samrple is suiciheted to at
petent in bearing, lend themselves to moore x ertical load, aiid the time rate of comipressioni
direct measuiremient of strength and compress- imeasured. A series of such load iricrecineiits is
ihilit% properities. Their stiength is usua1%.(ll - a .ppli,,-d during the test and thet timec rite of
tvi-rnined 1b\ axial loald iii of -In (list irhed* 10!Ip iij sii 55 iniea rirts ( fo tir Iich. 'Flie( f illm isv i

samples oif es clindricil shape ohtainied front factors Imay TIe dlt't-rririul;e pl-c iirsiilil.itioii
C-arr'frillv" tririined loiiks or friim tbini-wallerl pressure, comripressiioi iiidex, and iii(ilehieic'it iif
I T Ill- sirri ples til1,--.ni inii itccir I iaie f \it Ii t Iiiv '" IrrAirlnlatiion 1,rrmI Iri t se tIIit- aitiiiiiiiit ordI rate
(¾ de iof the Cainadian Standards Assocition oIf set t Ii 'ient liniuh- a gi eli boarl I .11 i ii pri -

[hle conpiprssive streiigthn of a cylinder iif soil Ilietei . Thel( precinisolidat iii prissi in i-ic
roaMV he deteirmined Iw an runconfincd compres- senits tlii Iiiaxniiiiii loiii] to X% Ili(h -Iiliv sub li-is
Sion test or an tinidrairied triaxial test. liT' un iieiri siibjecetid iin i. Li-iilovluci Iistor\ o
corifiritd cmpr-ssum te-st is 'onxliit't-t Iii tin' this gL'iii'rally. is at salfe bvairirlg pi r-siiri
samet mrriuir it- s tue test of a ciuncrt'tv test 'Ili-steghiuerst '-ip'xiiitx ti-s
u\ liiidtr Ili tite uirixrainu-d triaxial te'st, thlt stilts hiave direct pulctrito 1 oxu
spcnii i. isoilated by at thini rlihber rotni- tie it such reslilts \xýtll eiinfjtlt-roe there imiust
branie arnd fluid lpres~isu TeIin adihitiiii to tlii'bt lic Vackgr anrd of kiio%%lcdvi- of tii', soill lii
axial stress, are appilied to the samuple. Thjis fbitioiis toi eriori- that the ti-st ru'siilts ire lil-
dtliixxs tiii test specimen to be silbljectell tip deedl repri'seiitatix e if till' Noil marss iliii ted

stre'ss Mi~litii-iIS simulating thosi ('\istirlnii ir I ithe stroetrire.
till soil 1 i.iss

Ab~t~liuinli thct unuconrfineud eolrllrssiilrl arid Conitrol T 5i1's
Ili( mirlurini'l triixiil tests, \eld the ý same re- W~heni spci'cilb svi-r-ted ,soilk alie ItsielfI itn
sUlt. the- unilraineti triaixiall te-st roost lie risitI lias.-s iirnihr slars liltgrille, for rloads iii I (I
In spet'eii ( IrI-Iiniis'ic-us suit-l 1 s for fissurri-u uatkfill algainst Ntrie~tiirt-s, tile\. hec-nie tii ill-
lays Wxithi tihe triaixia ti-st it is psili-ti, ti- ai lrt of the sti-roetir. arid morst h,-iiiv.'

dIloxv tile- test spiet-iriii-r to (-hlirli~ xo. ibrirniTll ill iit p thix'tailli fishionur. 'T'o vrsuiii' that the
h1#r luauI( or to) mcirn-ami th- water prcssurv- II miiiltt-rial rriict' dii'( ie(liiir i' ll, N11 liitimiis

xx thint till poles Lgt-rieitt-i \\ithini tit(- siamplei tIli x-istrrixtiiii rmust hei cimittiulli-u bi\ s~i1
It xriistiiit \x Iirio-. This prixitbes at ipiole fruri- ti'sts. iii' rmih-riiul a~ailiblli siruiild hei tct''bi

ilarnwitil unrde-rstardinig of the strength chatrac- to1 rsrri tliikt it ini-ets tOW rh-Hi-d- 41 L~rtiu
tt-ristrs ,iof the soiil arid makes piossiblei tlii sPi ( ifi-,itions. arid nuist lit pili iii tidr mi-
forre( tst if buri!-ti-rin sttiliht\ conditionrs xvlieru- P) Cted inlli aUI rnIiiii-r11V tirit tiii' spur rh-l
thlt itipro-(I loaius io- likiIv to canst' iii ap- ii-risitv is achiievedh. (HI) 3, ''Smold nilIrld-
irel di~ii- i-li~iiigr' iii tilt' witcr -oritu'rt .irii iruig5. desc-ribies thin' lniqin' ict'limiirlrrnp hn.-
flcf)0 ]n till, d N' ti.'gtii if tOw soil For bcai'lrlit :,\(itii xsitir I iuit(I'rt and1(-11rrsit, tilildil .

.11.1 t Iiiiiiit'Itimirs it is, usuail tui tak.' ilii- 1x iCII tilipiltii'rlirc-iwt fur oix soiil I tui.ilkx

svain oirrnoihl is i1- 'Alf oif ((inieiliissixi- it is ruic(-Issalnv tli~it tih- xx it-r Iliritint liciwurn-
,trit iiitlus SroI 1 Ii ria-si iru-nii-its nuist bei ri-pri- tite lijitirmnhiri tio li(ii till (Ilisliil ilf'Tilit\
serititxi'~f of till 'I titirf in115 of soiil ifi'nto-t- h\ \ix xx iiiei is usually sio'eihiu'i i(s 10 11, (n i r-it
tlie strit-turi' - wit )uf a f-vw tists liilr- P 'uxtofr dir-mitx or 95 per t-i-nt nol 'A\nlmli.it-
Twitl- the foorimliturir )(.%4 Proietior." Thie Proctoir tiest is aI roetlimn i~f dc

Four sft h i\ss, tlii' sin-ar stini-rutf Irnax bl tvir iiiiilliz tll, ihitlltlirlur xxat-r' ( otiftiiit fir .1

filettp'niiunfr't in oitu li\ ricnirs of dlivict's sin-lu1 siril uiniuir aI L!1vs u-I impa oriitix( I- fhit lind is

.IS till- field vine- Ibuis is am fouir lilirlid vilt- il-s-iibe bvx tihi AnICiirri .iii ),1( Wut\ Iiitrst
that is tlinui't into till- soil and till- sIr-i . nd \t-is11111 iitl'l"ad )lcur 't'lidIuuiuid iU, n/

str.'rrictli dirx-mci fnruIti tIii tnirjInIV rCimiiirt-i toI tIiis

1n0rtiti it J lils ti-s'tis, rilirir Ii( niloium .11r that, hii ernsmc-r tl'it duilsrdnn ilirusitir s m.i I, lm-I\iri
lalimrnittunx ti-stN ibut its risc simnlb -lit'rist i t- fii'hld (enisitx' ti'StN ar- -orln' it tf oil fl l - Oilr-
"i-i tur soft t l1%s thell(, lbie- (if irittlinil lutniiux dinttiti-u lix t~n'

W\ithi l)Ilnl' ~lIstin lix.1 soils it is poiisiiilr hxpi' of sNol iixlx-r'cii A\ll tist inuetlrrus Itti-rilit
t'i 11.1% ill .ii-ini.1t.' InninglL l ipiu-itx- iiV.riist - ' firiiutf-imiiiir till- sir-ihi if .r 1mol %,1r111s1i xrln.' f



soil, and inc~lude the "! *:id-cone," the "water direct-current sources, low soil resistivities,
balloon." or if the soil i- cohesive, the direct and large amtounits of dissolved salts in the
measurement of a sample of soil. In recent ground water. Besides c'hemical anialysis on)
years a radlioactive method has been used soil samples, indirect methods such as probing
whviýh im eI-rtain Lcirc'iwnstanices, offers conl- with "corrosion sounders" can be used onl the

sdrbesvnsin time. site. Exetassistanice N -l lha~ e requiredl

Another tspe. which might he considered a .ncoisnivetgin.
control test, is aln investigation, such as the Suc'lling. Highly plastic soils have the .ihilitv
loading of piles, undertaken to provide at com- to swvell if given access to water. Tlhe amlounit
plete foundation rep~ort. Because knowledge of of s~vellimig will depend upon the clay minerals
the soil is so important in the interpretation present and the initial wvater content ofI the
of suich tests it is essential to have detailed clay, but ssvellitur pressures cant h e high
informiat iI i of its t vpe and condition in each enou gh to cause seriouis damage to a strouctulre
case. founded onl them. The most sun rims sxW(-I Ijiig

problems occuir in semi-arid chinates because
Special Tt'.tts the natural %%ater content of the clays mnav be

There a~re many soil tests that maik be car- fail lov A ulin tp ntrl.vpr
nied out to determine a single characteristic of tion fromt the surface and allow,.s water to
a1 soil, depending upon its intende Id use. It is accunitlate uinder the foundlation, thus causing
proposedi to discuss briefly three types of tests the soil to heave. Tests on swelling soils can-
nere: not give definite design criteria, but they serve

Corrosion potential. The problem of soil cor- to point up the potential seriousness of the
rosion is extremely complex. Certain soils may' probl~emn and indicate methods of overcoming
contain chemical constituents that are very, it. Soil tests should include the dletermnination
aggressive to concrete or steel in contact wyith oIf the natural water content, Atterberg Limits
themn. Ground water also canl be aggressive, and the shrinkage limit. Potential swelling
One of the more common types of corrosion is pressure canl be measured in a consolidation
the deteriorition of concrete owing to the test wvhere swelling rather than settlement is
presence of soluble sulphate salts in the soil. observed.
The prohlemn is acute in semi-arid climates Permeability. Because soil is a porous s~ s-
whenr there is insufficient rainfall to car-ry tem, wvater wsill move through it under hv-
awavs soluble salts, which often cause the rapid draimlic gradient. Permeability may' be defined

(ls lea olof ordinary concrete. Terps-athablyofisilto pass water. and the
enlce caoill sille111 inistanci~es be detected x'isu- coefficient of permeability is at measure of the
all,, (. niore conclusisvely'. by a chemical soil's perviousness tindler at given hydrauilic

oisu f the soil. If such salts are present, gradient. There are several methods of measlir-
(-oi, wt Orcturs iav b proectd bythe ing the coefficient of permeab~ility. all of which

usie o f simlphoate resistant cement. measure the quantity of water that flows

Crounid thaut bhis beien filled with rubbish or through the soil sample~ in ao fixed interval of
inihisti,-il \%asties. or soil coiitainina apopreciable ti.me uinder known I" drasilir' pressuires. The
orvginie minttir cal present potentiai Iv aggres- choico' of the test method ss'ill depen d oii the

%iriii(onitiiois. G~rouincd waters percolating porosity of the soil. Knowledge of the perune-
frontiNu Ito areais mav also be potentiallx' corro- ability of soils is a vital fictor in the( cdesiijn
sinI'. Ar!.imni it is nf(eessary to conduct r'hemic-al oif earth damns and clvkes. amid] is important also

,imijlNsu of thu, soil and] groimid water to de- "Ii the dlesignl of draminae s\s teius.

termite the extent of the problem liusm

of steel ad ou tther metals in 1
io this IDi gest . thle variioums tests that mav,

soil~~ ~~ isa lu - rnclIroees Frequentx' hi' uised( to determine the properties of soil
al, 4a.W ~ w.,he me ta may he attacked have been dhiscuissedl. The results of these tests
seveTiyý 4T~aj g other parts of the strocture ',sll indcicate the suitability iif a site and the
umk;f feld, T 're are nO simple methods of various design alternatives" for a fm.undation.

_j '1 valuating tOe potential corrosiveness of a site, it is still necessarx'. however, to evaluate the
but the wvorst ~'OnditiOnS are indicated by' the test results, for thue properties of soil are in-
prusueice of sas electrical currents Such as flueneed by both the geological and climatic
exist nea~r electrified railwaivs or other large coniditionis on the site.

-~~ mvhoii anwenditnt if rr,d~l arkwmlUd~fm-ni ,ý made. 1h A,'liv-,, n, h- -ui mawv phu5vati,'n. d-srob1theg A

wark ca-'ud out inh cuT , a lwr, .'ds of ,,a, f- h,,hI~I *1 ''' ., - ,bI,. A 1,,I1 IAth,', p,,h',cslwnu. end addi,.'nar cop ft',,' ~I~
i4¶inLpuW4 -,4~t,, by wining 1n th, PuUl,iaIn;'c,. -o,- ,w of $uinde.. Rev,ehru Nal-,nat Reua,ch ('uCoww
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